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(54) RECTIFIER DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a forward 
voltage such that a forward current starts flowing and 
reduce a reverse voltage, by commonly connecting a 
gate electrode with a first wiring metal layer to form an 
anode terminal and causing a second wiring metal layer 
to be a cathode terminal. 

SOLUTION: By applying a voltage so that an anode 
terminal 10 is positively charged and a cathode terminal 
1 1 is negatively charged, a channel is formed on the 
interface of a second semiconductor region 4 with a gate 
insulating film 6. As a result, a current path is formed 
from a first semiconductor region 3 via the channel to a 
third semiconductor region 5. Conditions for forming the 
channel are adjustable by physical constants, such as, 

the density of impurity in the second semiconductor region 4, the thickness of the gate 
insulating film 6, and the type of a gate electrode 8. The constants may be so selected that 
the channel is formed at a forward voltage between anode and cathode being not lower than 
0V. If a lower voltage is applied to the anode terminal 10 than the voltage applied to the 
cathode terminal 1 1 , no channel is formed in the second semiconductor region 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A rectifying device characterized by using a metal layer for wiring of the above 2nd as a 
cathode terminal while having the following, making common connection of the above-mentioned gate 
electrode and the metal layer for wiring of the above 1st and considering as an anode terminal. A 
support substrate which has a pad insulating layer in a 1st principal plane side A single crystal 
semiconductor film which has the 3rd semiconductor region of the 1st electric conduction form which 
does not adjoin the 1st semiconductor region of the above while adjoining the 1st semiconductor region 
of the 1st electric conduction form, and this 1st semiconductor region and adjoining the 2nd 
semiconductor region and this 2nd semiconductor region of an electric conduction form opposite to the 
1st electric conduction form, and was prepared in the above-mentioned insulating-layer upper surface 
[ 2nd ] A gate electrode formed in the surface of the 2nd semiconductor region of the above by 
intervening in a gate insulator layer The 1 st metal layer for wiring by which ohmic contact was carried 
out to the surface of the 1 st semiconductor region of the above, and the 2nd metal layer for wiring by 
which ohmic contact was carried out to the surface of the 3rd semiconductor region of the above 
[Claim 2] A rectifying device characterized by using a metal layer for wiring of the above 2nd as a 
cathode terminal while having the following, making common connection of the above-mentioned gate 
electrode and the metal layer for wiring of the above 1st and considering as an anode terminal. A 
support substrate which has a pad insulating layer in a 1st principal plane side A single crystal 
semiconductor film which does not adjoin the 1st semiconductor region of the above while adjoining the 
1st semiconductor region and this 1st semiconductor region and adjoining the 2nd semiconductor region 
and this 2nd semiconductor region of low high impurity concentration compared with this 1st 
semiconductor region in the same electric conduction form as this 1st semiconductor region, but has the 
3rd semiconductor region of high high impurity concentration compared with the 2nd semiconductor 
region of the above in the same electric conduction form as the 1st semiconductor region of the above, 
and was prepared on the above-mentioned insulating layer A gate electrode formed in the surface of the 
2nd semiconductor region of the above by intervening in a gate insulator layer The 1st metal layer for 
wiring by which ohmic contact was carried out to the surface of the 1st semiconductor region of the 
above, and the 2nd metal layer for wiring by which ohmic contact was carried but to the surface of the 
3rd semiconductor region of the above 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the rectifying device which 
made low forward voltage to which the rectifying device used for switching power supplies, such as a 
DC-DC converter, etc. is started, especially forward current begins to flow, and made the reverse current 
small. 
[0002] 

[Description of the Prior Art] The structure of the Schottky barrier diode generally used as a rectifying 
device is shown in drawing 5 . For the semiconductor region of low high impurity concentration, and 23, 
as for the metal layer for wiring, and 26, in this drawing, a barrier metal, and 24 and 25 are [ 21 / a 
semiconductor substrate and 22 / an anode terminal and 27 ] cathode terminals. In this example, as for 
the semiconductor substrate 21 and a semiconductor region 22, the silicon semiconductor of n form is 
used, for example. 

[0003] A dotted line shows the voltage/current characteristic of shot key-ber diode to drawing 2 . When 
forward voltage (the anode terminal 26 is high potential from the cathode terminal 27) is impressed, in 
order for forward current to flow, a certain amount of voltage needs to be added. This forward voltage 
changes with the physical properties of the plane of composition of the barrier metal 23, its barrier metal 
23, and a semiconductor region 22, and is about [ 0.3-1 .0V ] magnitude in usual. When reverse voltage 
(the anode terminal 26 is low voltage from the cathode terminal 27) is impressed, the reverse current of 
a Schottky barrier diode is large, and has forward voltage and the relation of a trade-off 
[0004] 

[Problem(s) to be Solved by the Invention] Generally, in order to reduce the loss in a rectifying device, it 
is necessary to reduce a forward voltage drop. The problem of becoming large relatively and becoming 
the failure of low-battery-izing has loss according to a rectifying device in case output voltage of 
switching power supplies, such as a DC-DC converter which supplies current, is especially low-battery- 
ized in order to respond to this, since progress of low-battery-izing of operating voltage is remarkable in 
a microprocessor etc. However, in a Schottky barrier diode, since the reverse current increased when the 
forward voltage drop was made small based on the above-mentioned request, there was a problem that 
low-loss-izing was difficult. 

[0005] The purpose of this invention also reduces a reverse current with reduction of the forward voltage 
to which forward current begins to flow, and uses as an offer plug the rectifying device which has 
improved the opposite property made conventionally difficult. 
[0006] 

[Means for Solving the Problem] For this reason, a support substrate with which the 1st invention has a 
pad insulating layer in a 1st principal plane side, The 1st semiconductor region of the 1st electric 
conduction form and this 1st semiconductor region are adjoined. The 2nd semiconductor region of the 
2nd electric conduction form opposite to the 1st electric conduction form, And a single crystal 
semiconductor film which has the 3rd semiconductor region of the 1st electric conduction form which 
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does not adjoin the 1st semiconductor region of the above while adjoining this 2nd semiconductor 
region, and was prepared in the above-mentioned insulating-layer upper surface, A gate electrode 
formed in the surface of the 2nd semiconductor region of the above by intervening in a gate insulator 
layer, The 1st metal layer for wiring by which ohmic contact was carried out to the surface of the 1st 
semiconductor region of the above, While providing the 2nd metal layer for wiring by which ohmic 
contact was carried out to the surface of the 3rd semiconductor region of the above, making cdmmon 
connection of the above-mentioned gate electrode and the metal layer for wiring of the above 1st and 
considering as an anode terminal It constituted as a rectifying device characterized by using a metal 
layer for wiring of the above 2nd as a cathode terminal. 

[0007] A support substrate with which the 2nd invention has a pad insulating layer in a 1st principal 
plane side, and the 1st semiconductor region, This 1st semiconductor region is adjoined and it compares 
with this 1st semiconductor region in the same electric conduction form as this 1st semiconductor 
region. The 2nd semiconductor region of low high impurity concentration, And while adjoining this 2nd 
semiconductor region, the 1st semiconductor region of the above is not adjoined. A single crystal 
semiconductor film which has the 3rd semiconductor region of high high impurity concentration 
compared with the 2nd semiconductor region of the above in the same electric conduction form as the 
1st semiconductor region of the above, and was prepared on the above-mentioned insulating layer, A 
gate electrode formed in the surface of the 2nd semiconductor region of the above by intervening in a 
gate insulator layer, The 1st metal layer for wiring by which ohmic contact was carried out to the surface 
of the 1st semiconductor region of the above, While providing the 2nd metal layer for wiring by which 
ohmic contact was carried out to the surface of the 3rd semiconductor region of the above, making 
common connection of the above-mentioned gate electrode and the metal layer for wiring of the above 
1st and considering as an anode terminal It constituted as a rectifying device characterized by using a 
metal layer for wiring of the above 2nd as a cathode terminal. 
[0008] 

[Embodiment of the Invention] 

[Gestalt of the 1st operation] drawing 1 is the cross section of the rectifying device in which the gestalt 
of operation of the 1st of this invention is shown. In this drawing, it is the pad insulating layer which 
formed 1 in the support substrate and formed 2 in the upper surface of the support substrate 1. The 1st 
semiconductor region and 4 continue in a longitudinal direction in the single crystal semiconductor film 
which the 2nd semiconductor region and 5 are the 3rd semiconductor region, and was respectively 
formed on the insulating layer 2, adjoin, and 3 is formed. Moreover, the gate insulator layer in which 6 
was formed on the upper surface of the 2nd semiconductor region 4, the metal layer for wiring which 
carried put ohmic contact of 7 to the upper surface of the 1st semiconductor region 3, the gate electrode 
in which 8 was formed on the upper surface of the gate insulator layer 6, and 9 are the metal layers for 
wiring which carried out ohmic contact to the upper surface of the 3rd semiconductor region 5 . The 
anode terminal with which 10 made common connection of the metal layer 7 for wiring and the gate 
electrode 8, and 1 1 are the cathode terminals which connected the metal layer 9 for wiring. 
[0009] As a support substrate 1, silicon, germanium, GaAs, etc. can be used as a single crystal 
semiconductor film which formed the 1st - the 3rd semiconductor region 3-5 for silicon, sapphire, a 
diamond, etc. again. Here, it assumes using silicon as the support substrate 1 and semiconductor regions 
3-5, and using the SOI (Silicon on Insulator) structure where the thickness of the silicon film of the 
semiconductor regions 3-5 is 0.1-0.5 micrometers. The 1st semiconductor region 3 and 3rd 
semiconductor region 5 are n form, and in order to obtain ohmic contact with the metal layers 7 and 9 
for wiring, they make high impurity concentration the concentration of the range of lxl019cm-3- 
lxl021cm-3. The 2nd semiconductor region 4 is made into low concentration rather than the high 
impurity concentration of the 1st and 3rd semiconductor region 3 and 5, when making it into p form or n 
form and making it into n form. 

[0010] Now, if the anode terminal 10 impresses voltage E so that positive and the cathode terminal 1 1 
may serve as negative as shown in drawing 3 (forward direction), when the 2nd semiconductor region 4 
is p form, an inversion layer is formed in an interface with the gate insulator layer 6 in the 2nd 
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semiconductor region 4, when it is low-concentration n form, an accumulation layer will be formed, and 
this inversion layer or accumulation layer will serve as a channel. Consequently, between the 1st - the 
3rd semiconductor region 3-5 is the same electric conduction form, and is connected in the 2nd 
semiconductor region 4 of low resistance. That is, as the current path was formed of the 1st 
semiconductor region 3. -> channel -> 3rd semiconductor region 5 and it was shown in drawing 3 , it is 
forward current If. It flows. 

[001 1] A continuous line shows this voltage/current characteristic to drawing 2 . Forward current If is 
expressed to the 1st **** of drawing 2 . Physical constants, such as unseasonable object concentration 
of the 2nd semiconductor region 4, thickness of the gate insulator layer 6, and a class of gate electrode 8, 
can adjust the formation conditions of the above-mentioned channel, and when the forward direction 
applied voltage between anode cathodes choose the constant so that a channel may be form more than 
by 0V; the property that forward current begin to flow from about 0V as showed in drawing 2 can be 
realize. 

[0012] When you make the 2nd semiconductor region 4 into p form, let thickness of 5xl015cm-3 and 
the gate insulator layer 6 to 50nm, and, specifically, let the gate electrode 8 be n form polish recon for ( 
the high impurity concentration of the semiconductor region 4 (p form). Moreover, thickness of 
2xl015cm-3 and th^ gate insulator layer 6 is made to 50nm, and it makes the gate electrode 8 p form 
polish recon for the high impurity concentration of the semiconductor, region 4 (n form), when making . 
the 2nd semiconductor region 4 into n form. The above mentioned property is acquired by doing in this 
way. 

[0013] In this w^y, it is clarified by drawing 2 rather than the Schottky barrier diode with the forward 
voltage required for the rectifying device by this invention which is a work function, silicon surface 
level, etc. of a barrier metal that a forward voltage drop cap be. reduced. 

[0014] On the other hand, drawing 4 explains the case where reverse voltage is impressed. A channel 
will not be formed in the 2nd semiconductor region 4 if voltage-E (reverse voltage) lower than the 
cathode terminal 1 1 is impressed to the anode terminal 10. Namely, since this 2nd semiconductor region 
4 is formed by the thin silicon film which used the SOI substrate, a depletion layer occupies the whole 
region of the 2nd semiconductor region 4, and it will be in a perfect depletion condition. By this, even if 
reverse voltage is impressed, current is prevented effectively, and' it is stopped by only very minute 
leakage current Ir. 

[0015] In addition, when the 2nd semiconductor region 4 is made into p form, inhibition of current is 
possible even if it does not form perfect depletion with the obstruction of the pn junction formed in this 
the 2nd semiconductor region 4 (p form) and 3rd semiconductor region 5 (n form). However, since the 
leakage current of hard flow flows also to pn junction, the current can be more effectively intercepted by 
forming perfect depletion, as described above. 

[0016] The relation between the high impurity concentration which will be in a perfect depletion-ized 
condition at drawing 6 , and silicon thickness was shown about the case where the 2nd semiconductor 
region 4 is p form. The case where the 2nd semiconductor region 4 was n form was shown in drawing 
7 ." The plotted point is observation data. In order to acquire the effect by this invention, it turns out that 
what is necessary is to make high impurity concentration of the 2nd semiconductor region 4 into the 
concentration of the range to or less [ 1x1017cm - ] 3 manufacture limit, and just to make silicon 
thickness into the thickness of the range to hundreds of nm or less manufacture limit. 
[0017] The continuous line of the 3rd phenomenon shown in drawing 2 showed reverse voltage/current 
characteristic. Unlike the Schottky barrier diode with which a reverse current increases, the rectifying 
device by this invention is only a minute reverse current, and has the property which was very excellent 
as a rectifying device, so that forward voltage is reduced. 

[0018] as explained above, as compared with the Schottky barrier diode currently used conventionally, 
the rectifying device by this invention can reduce the forward voltage to which forward current begins to 
flow, and can attain low loss-ization - in addition, it has the advantage that loss by the reverse current is 
also very small since the reverse current when impressing reverse voltage is also minute. Reduction of a 
forward voltage drop has a big advantage in efficient-ization of the switching power supply of business, 
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such as a microprocessor to which low-battery-ization of operating voltage progresses. 

[0019] Even if it takes the configuration which carried out p form of structure which is [the gestalt of 

other operations] where the rectifying device of this invention was explained with the gestalt of the 1st 

operation, and n form reversely, it is needless to say that the same operation effect is acqitired. 

[0020] 

[Effect of the Invention] As mentioned above, since it considered as the configuration which connected 
the gate electrode of the metal-oxide-semiconductOr structure on a SOI substrate to the anode terminal 
according to this invention, current begins to flow from 0V of forward voltage, and a forward voltage 
drop lower, than the forward voltage drop of the Schottky barrier diode currently used from the former 
can be realized. Moreover, at the time of reverse voltage impression, leakage current can be suppressed 
to a minute ** value by perfect depletion-ization for the thin silicon membrane structure by SOI. In this 
way, especially the rectifying device of this invention has the property which was excellent as a 
rectifying device of the switching power supply of low-power output voltage, and demoilstrates a big 
effect to low loss-ization of switching power supply. 



[Translation done.] 
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3. In the drawings* any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] • 
[Drawing 11 It is the cross section of the rectifying device in which the gestalt of operation of the 1st of 
this invention is shown. 

[Drawing 21 They are the voltage / current characteristic drawing of a rectifying device. 
[Drawing 31 It is operation explanatory drawing at the time of forward voltage impression of the 
rectifying device of the gestalt of the 1st operation. 

[Drawing 41 It is operation explanatory drawing at the time of reverse voltage impression of the 
rectifying device of the gestalt of the 1st operation. 

[Drawing 51 It is the cross section of the conventional Schottky barrier diode. 

[Drawing 61 It is property drawing showing the dependency of the high impurity concentration of silicon 
thickness formed into perfect depletion when making the 2nd semiconductor region into p form. 
[Drawing 71 It is property drawing showing the dependency of the high impurity concentration of silicon 
thickness formed into perfect depletion when making the 2nd semiconductor region into n form. 
[Description of Notations] 

1: a support substrate, 2:pad insulating layer, and 3: - the 1st semiconductor region and 4: » the 2nd 
semiconductor region and 5: - the 3rd semiconductor region, 6:gates insulator layer, and 7: ~ the metal 
layer for wiring, 8:gates electrodes, the metal layer for 9:wiring, 10:anode terminal, and llxathode 
terminal. 21: A semiconductor substrate, the semiconductor region of 22:low concentration, 23 :barrier 
metal, 24, the metal layer for 25:wiring, 26:anode terminal, 27 : cathode terminal. 



[Translation done.] 
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DRAWINGS 



[Dmwing 11 




[Drawing 31 
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[Drawing 41 
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JB2^»(*:|H«4fctt^-y>'*/^f4»fifc**t4 

$rffiv>fc»v^iyy =i^RT^fi8SixTt^^T. 

*sjB2(Z)^Wf*:«*4<o*«S: l &je> % 

5o Cttir^t), iS?^rpJ«EE^pnipStiTfcS!i*ftiwB 

[0 0 15] £4b\ m2co^»($:®«c4^p^i: Lfc^ 
C©»2<D^#f*:«*4 (p») ^fB3 0^«f*cfi 

TO^^kL*<Tt«tt<^iaji:W:BrtBTfc6 0 
40 p n&&{Zi)i£Xfa(Dy -?mMntfLtlZ>(DX\ ± 

ISbfcJ: 5fc**ffl^ki"6Ci:lcj;oT, ^ofS^ 

[0 0 16] g]6 (d. ^S^bttffii:*6^F>B»»ft 
tv'U^If^li^ 82^9»S«4)iSpf 
0^(c:oV>T^L^ 0 H7l2lttfB2 0^#ft:«4fi4dS 
n^O^ico^T^L/Co y"u y h Lfc^tt^ajx — 

S*««4 0^«ftfiS§: 1 X 1 0 17 c m- 3 J^T^igPS 
50 PI#^TO|8HOi?^|C-rtlf^SV>C^^^ < 5 o 
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[0 0 17] «#ift«flE/***Wtf±, m 2 L^tcm 
[0 0 18] RhRWLfcJ: 51-. «ffiffl$nTV^ 

[0019] L*<Dm<nmi&<DBffi] 

[0 0 2 0] 
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[0®<af»*/<£lfcW] 

[0 1 ] **WcojB l <oHJ6w»ffiS:^-f SSES^o 
f£r®0T*&S o 
[[§12] SEi«3R^o«EE/««KWttig-Cfc So 
[0 3] |g 1 ^*J6^»ffiW*a*^(Oj|i*f6l«£EHl 

[04] $s i ^n^o^^(7)S^T-coi§?^^mjEPn 

*D«Ftof^fflRMB|-e*)So 

[0 5] «£3t50V>3 s/ h^/<y7^t-K« 
0T*fcS o 

[06] !B2 0¥«#ffi«£p^ LitfcSoaASB 
0T*fcS o 

[0 7] £2<P¥*ttfidK&nJgj: Lfci:#<D*^ffl 
0T*fcSo 

1 : 2 : Sii^JteSS. 3 : il0»S 

4 :«2^*#fi^ 5 : ft3 0¥*ftM& 
6 : httftJK. 7 : BEifiUB&JRJf . 8 : h« 

9 : gEi^/8&JlJi x 1 0 : TV - H*F\ 11:* 
y~ K«8^ 0 2 1 : 2 2 : j£»fif<0¥9M*: 

2 3 : '<VT&ms 2 4, 2 5: 

2 6 : 7V- K«HF\ 27:*y- K*^ 0 
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